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INTRODUCTION--CHRONOLOGICAL DEVELOPMENT 

In September 1981, Egon Hoyer requested that Magnetic Measurements 

Engineering (MME) prepare to make permeability measurements of Vanadium 

Permendur. The design of (rare earth) focusing, undulator, and wiggler 

elements in proposed beam 1 ines at SSRL may be facil itated by dependable 

permeability tables of Vanadium Permendur. 

We decided, that it would be cost-effective and appropriate to implement, 

as Phase II of the MME General Purpose Data Acquisition System (DAS), the 

capability of permeability measurements. We had the necessary hardware 

(after borrowing a 30A, bipolar power supply from LLNL). 

Preliminary results of our first ~fforts were delivered to Halbach on 

October 30, 1981, but we were not able to justify a hi gh 1 evel of confidence 

in those resul ts. 

Additional tests, needed to justify this confidence, were delayed first, 

to meet other com~itments for both our time and the DAS, and, second, when a 

critical element of the permeability equipment was destroyed (A O.060-inch 

diameter by 18.0-inch-long Hall-Probe was broken ana the MME spare was found 

to be defective). 

On November II, 1981 we made a status report of this project to 

Tommy Elioff and requested and were granted additional funds to complete this 

project. Prel iminary resul ts of our second effort were presented to 

Klaus Halbach and Egon Hoyer on November 30. Based on these results we agreed 

on the need for additional tests. Hoyer recommended a higher temperature heat 

treatment for the previously annealed Vanadium Permendur sample. The heat 

treatment was completed on December 2 and the sample retested on December 4. 

1 
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We completed the LBL tests outlined in our November 11 memolO within the 

budget and time frame approved. Joe Cobb (SLAC Magnetic Measurements) agreed 
.• 

to measure the permeability of a sample of heat-treated steel (see Fig. 2a) 

prepared at LBL and del ivered to SLAC on November 25. His tests were done at. 

no expense to LBL because of the mutual benefit of cross checking between two 

different measurement procedures. A summary of comparative measurements of two 

samples of the same material is provided in Appendix A. Copies of the SLAC 

data are preserved in Appendix C. The corresponding LBL data is in data book q 

MT 644. 4 

This report (I) describes the Permeabil ity Implementation of the MME DAS, 

(II) presents the results of tests of Vanadium Permendur under various 

conditions, (III) describes validity tests which establish a high degree of 

confidence in our test results, and (IV) discusses improvements and additional 

tests that would enhance the MME Permeability Measurement facility. 

This work was supported by the u.s. Dept. of Energy under Contract DE-AC03-76SF00098. 

2 



LBID-5l9 

I. LBL PERMEABILITY MEASUREMENT SYSTEM 

A. TECHNIQUE 

Permeameters may be characterized by (1) the geometry of both sample and 

electromagnet, (2) the method of supplying magnetomotive force "MMF", (3) the 

method of determining magnetic induction "B" and (4) the method of determining 

magnetizing intensity "H". In addition, several acceptable magnetization 

cycles exist. 

1. Geometry 

The basic design of the permeameter employed for these tests was 

suggested by Klaus Halbach in 1978 and first implemented by MME in 1979 in ., 
conjunction with the Doublet III Project. Because the technique for 

determining H is unique among permeameters described in the literature, we 

recommend naming both this D.C. permeameter and the method of measurement 

after Halbach. 

The Halbach Permeameter 

Figure 1 is a schematic diagram of the Halbach permeameter. The sample 

under test is sandwiched between the pole tips of an electromagnet and the 

"B-coi 111 surrounds the center portion of the sample in the usual manner. H is 

determined from a measurement of B on the axis of the cylindrical sample. To 

permit this measurement, small (0.10 in. D.) holes were drilled on the axis of 

each sample and through both the pole tips and yoke o~the electromagnet. 

fJny "regular cross-section" sample may be tested (with a redesigned 

liB-coil") as long as the sample has a 0.10 in. diameter hole on its axis of 

symmetry. We chose a cylindrical sample for these test because (1) we had 

suitable B-coils from a previous project and (2) the geometry of the cylinder 

chosen had been studied analytically and found suitable for the measurement of 

ferromagnetic samples.! The sample geometry is shown in Figure 2b. 

3 
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Ideally, the yoke and especially the pole-tips of the electromagnet 

should have both a higher saturation induction (8s ) and relative 

permeability (Pr ) than the sample under test. Differences in 

magnetic-potential between sample and pole tip introduce 

"self-demagnetization" effects which influence the interpretation of the 

quantities measured. Additional studies are needed to verify our belief that 

in the range of interest, i.e., B ~ 1.8 Teslas, the differences in magnetic 

potenti al are of "second-order" importance for the geometry of our sampl e and 

electromagnet. 

2. Magnetomotive Force 

The power supply used for these tests was chosen because it matched the 

requirements of our electromagnet; it had the capacity of supplying a 

magnetizing force of several thousand-Oersteds; it was programmable and 

bipolar; and most importantly, it was available on loan from Lawrence 

Livermore National Laboratory (LLNL). 

In order to measure permeability at low values of magnetizing intensity, 

we supplemented the 800 turns of the electromagnet with auxil iary windings 

around the return yoke. For these measurements, we tested each sample first 

by energiZing the auxiliary windings and then (after demagnetizing) by 

energizing the 800 turn windings. 

The magnetizing windings are depicted in Fig. 1 (note, they do not 

surround the sample, so magnetizing current is not a reliable parameter for 

determining magnetic intensity). 

3. Magnetic Induction Determinization 

In order to measure flux-l inkage (rather than only changes in 

flux-linkage), it is necessary to establish zero. One advantage of the 

Halbach Permeameter is that the liB-coil" may be removed from the sample and 
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placed in a mu-metal shield to establish zero. This exercise is performed 

both as the first and last step of our measurement sequence. 

The 118-coilll actually measures changes in flux-l inkage over the coil IS 

lIeffective-area li and in order to determine magneti c induction in the sample, 

adjustments are necessary to account for flux-linkage in the air both 

surrounding the sample and within the hole on the axis of the sample. 

4. Magnetizing Intensity Determination 

Magnetic induction at the center of the axial hole through the sample 

(Bair ) provides our determination of magnetizing intensity H as follows: 

= B . /4n x 10-7 
alr (Jlmpere-Turns/Meter) 

Hsample = Hair because 

a. at any boundary, the tangental component of H is continuous. 2 

b. for the geometry of these samples, H may be considered constant 

over the radial dimensions of the samples at their longitudinal 

center 1 ine.1 

5. Magnetization Cycle 

The Halbach Permeameter may be employed to measure magnetic properties 

with any acceptable magnetization sequence. For the present application, 

i.e., vanadium permendur providing low reluctance flux paths for (rare-earth) 

permanent magnets, the relationship between Band H is of interest only in the 

first quadrant where Band H are in the same direction. For this reason, we 

collected each set of data on the ascending and descending portions of a 

unipolar excursion of r~MF. Beginning with a IIdemagnetized li sample, we 

increased MMF to a peak value and then decreased MMF to zero. On both the 

ascending and descending portions of this IIhalf-loopll, we measured flux 

linkage (~), Magnetizing Intensity (H) and the potential drop across a 

resistor monitoring magnet current. Elapsed time was also recorded for 

7 
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subsequent drift corrections to the integrator output potential data. 

Wi th program modi fi cations, we coul d use the same hardware to cycl e 

between selected values of either magnet current or H = B . Iv. The alr 0 
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number of cycles could either be preselected or feed back dependent, e.g. ~H 

and/or ~~ could be tested for reproducbility. After sufficient cycles are 

completed, measurements of magnet current, ~H, and .~~ between the extremes of 

the final minor hysteresis loop could be saved. 

8 
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B. HARCMARE, FIRMWARE AND SOF1I-JARE 

Figure 1 (page 4) is a schematic representation of the measurement system 

and Table I (page 10)1 ists specific equipment, including firmware and 

software. 

MEAS URE~~E NT PR OCEDURE 

1. General 

For each sample measured, we carried out the following steps. 

Step 

1 

2 

3 

4 

5 

6 

a 

b 

Pro gram Executed 

DEMAG1 

PERM? 

PROCC 1 

DEMAG1 

PERM? 

PROCC 1 

9 

Purpose 

Demagnetize permeameter with a pre
viously measured sample. (The sampl e 
to be tested next may have been demag
netized by annealing.) 

Measure and store magnet current, 
flux 1 inkage, Bair and elasped time 
in Quadrant 1 of the hysteresis curve 
produced by energizing the auxiliary 
windings (101 measurements on the 
ascending and 100 measurements on the 
descending portion of the half 
cycle). As the last step of PERM?, 
the data set is identified and stored 
on the disk DATAl in DY1: 

Process and print data stored on disk. 

With power supply connected to 800 
turn windings. 

With power supply connected to 
auxiliary windings. 

Repeat 2 except power supply 
connected to 800 turn windings. 

Process and print data stored on disk. 



.. HARDWARE 

Sampl es 

Co il 

Fl ux Standard 

Integr ator 

- TABLE I. TEST EQUIPMENT 

Description 

Vanadi urn Permendur 
Iron LBL Stock No. 9510-10198 (1018 cold finished 
steel bar) 

B-162, nA = 0.0411[m2 ], n = 100[t] 

SLFS 40.02, ~(SLFS) = 0.0210 [Wb] 

LBL MOO 71 Ser. No.1 
R = 19.6 k , C = 0~1 pF 
ATT = 360, BAL = 497 

Hall Probe F.W. Bell Mod. SAE4-0818, SN 155966 
CAL = 1.000 

Gaussmeter F.W. BELL Model 620, DOE 501586, Polarity = + 

Multiplexer Hewlett Packard Model 3495A Scanner, DOE 517528 

LBID-519 

DVM Hewlett Packard Model 3455A Digital Voltmeter, DOE 517459 

Magnet MME Charging magnet - 13 turn, 45 turn, and 800 turn 
magnetizing windings 

Power Supply LLNL, LEA 74-4035-01-50 
20 VDC at 30A, b i po 1 ar 
Regulator LEA 74-4035-41-50 

PS Controller KS 3160 CAMAC, DOE 512977 

CAMAC Controller Std. Eng., CCLSI-II, DOE 512996 

Computer LSI 11/23 

Clock Calendar TCU-50D, SIN 6446 FIRMwARE 

Printer LA 120, DOE 519478 

Zenith H19, DOE 518712 

Floppy Discs MME36 ~ DY{>: 

CRT Terminal 

Floppy Di sc Sys. DSD 440, DOE No .519465 

PERM7 
PR OC C1 
~lPX1 
CMCPS1 
DEMAG1 

SOFTWARE 

10 

Progr ams on Floppy 
Di sk MME 36 
(See Tab 1 e I I) 

DATAl ~. DY1: 



LBID-519 

2. FORTRAN Lis ti ngs 

Appendix B, to be distributed on request, contains FORTRAN source 

listings of the data acquisition and data processing programs and 

subroutines. Table II is a directory of the permeability running disk MME36. 

MME36 contains the necessary files for operating the Halbach Permeameter. 

Data collected for this project were saved on a disk named DATAl. Table II is 

part of a printout of the file named DATA.TXT on DATAL The remainder of that 

file describes how to reconstruct software for future projects. 

3. Data Acquisition Dialog 

The data acquisition procedure was programmed into the program PERM? A 

dialog between the computer and the operator through the CRT terminal ensures 

that all the necessary data is collected. To facilitate describing this 

process, we executed PERM? with the output normally directed to the CRT 

terminal directed to the printer. The dialog for that dummy run is 

represented as Table III. 

4. Data Processing (Algorithms) 

Processing of the data collected and stored on the data disk is 

accomplished by executing PROCCl. PROCCl calls subroutines which retrieve 

data, provide needed constants, adjust integrator output data for drift, 

process data, and print the results. 

To convert measured flux linkage to magnetic induction in the sample an 

algorithm employing Equation 1 (page 14) is used. 

11 
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:31 ric'..! 20 

chansed Dutput format 0~ PROCCl for more sisnificant di~jts 

.. . 
UPG21.·E'S. 
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disk: 
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TABLE II Contents of Permeability Running Disk 
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:v::R~!.~I. d.~~ri~tion (72 charact.r~ 
HEAT TREATED VAN~DIUtI PERtlENDUR SAHPLE 

PERtlEABILITY PROGRAM T~E DATE IS 07-DEC-8l 
HEAT TREATED VANADIUM PER~E~DU~ SA~PLE 
t~~. t.~t d •• eri~tion. 72 ~har.ct~~ • •• xi.u. 

tlAGNET HAS 800 TURNS. SAMPLE NOT DEMAGNETIZED 
tv~. "Y" if int •• rata. 15 SW1~ch.d to integraL. 

Y 

PAUSE 

z.ro int ••• ator bv ~r.~~ln!l "RESET TO ZERO lHIlTOH" 
PAUSE ~r.~5 r.Lurn when int~.raLor is zero.d 

~ut •• arch eoil around s~.~l. and ins~rt into shi.ld 
PAUSE -- ~ress r.turn when don. 

p~t ~.~rch coil 1 s~~r\e into ~a9n~t 
PAUSE -- press return when re~d~ to run 

ENTER HAXDAC 
tOO 

TNTER MALL ·PRO~E RANGE (G~US&): 
10 

o -0.0000 0.B3~0 -0.0002 ~6" 0.0010 
HAll OUT> 1 VOLT. SWITCH RANGE AHII EIITH: IIEW FIILI. ~U\LE RANGE (GAUSS): 

.100 
0.~OB9 0.71~6 63. 0.0100 10 -0.0030 

HALL OUT> 1 VOLT. SWITCH RANGE AI/P EIITER IIEW FULL SCALE RANGE (G~USS): 

1000 
20 
30 

-0.0061 
-0.0091 

0.1131 
0.201<1 

0.99~3 
1·.066£1 

<10 -0.0121 0.29~0 1.132~ 

50 -0.01~2 0.3862 1.1631 
60 -0.0182 0 •• 7<1~ 1.1877 
70 -0.0212 0.~609 1.209~ 

BO -0.02~3 0.6~66 1.229~ 
90 -0.0273 0.7316 1.2"8£1 

100 -0.0303 0.8161 1.267. 
90 -0.0273 0.7~17 1.2~10 
BO -0.02<13 0.6637 1.23~5 

70 -0.0212 O.~B~~ 1.21~9 

60 -0.0182 0.~021 1.19<19 
50 -0.0152 0.<1178 1.172~ 

~O -0.0121 0.329B 1.1"~" 
30 -0.0091 0.2383 1.1083 
20 -0.0061 0.1452 1.0"21 

HALL OUT < 0.1 VOLT, SWITCH RANGE A~I1 

100 
10 
.0 

-0.0030 
-0.0000 

o 100 

0.~92t 

0.140£1 
0.B~91 

O.239~ 

79 •. 
Bl. 
63. 
85. 
B7. 
89. 
91. 
93. 
9~. 

97. 
99. 

101. 
103. 
10~. 

107. 
109. 
111. 

ElIiER NEW 

126. 
128. 

~.k. 5 •• ~1. and ••• rch cOll out of •• ~n.t 

0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 
0.1000 

FULL !'CALE 

0.0100 
0.0100 

~ut ~ •• rch coil around s •• ~le and in~.rt into ~hield 
PAUSE -- ~r.s. retur~ when don~ 

~ut Ju~t ~~arch coil into au-•• tal ~hield 

RANGE (GAUSS): 

PAUSE -- ~r.~~ r.turn wh.~ sRarch coil is i~ .u-•• tal shi~ld 

ent~r anv final co •• e~ts 
DEHOHSTRATION FOR REPORT 

y 
t~pp fl1. n8~p fop ~.vins d.t.·X~XXI.X.DAT 
1207A2 
~V~ • • y. if ~Ou w.n~ to run •••• 5~~~le .a.1n 

II 

TABLE III Data Acquisition Dialog 

13 
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1JJobs -1JJair 1JJobs --nBairAair 
B = nA = (-2 2 sample nn r - r.) o , 

1JJobs -

( 2. 2) 
Equation (1) 

B = magneti c induction [Tes1 as] . 

1JJ 
1JJobs = SLFS Eco '.l [Wb] 

ESLFS 

nnro-ri 

1JJSLFS = Flux 1 inkage produced by flux standard SLFS 40 = 0.0210 [Wb] 

ESLFS Integrator output potential du.e to 1JJSLFS [V] 

Ecoi1 = Integrator output potential due to flux linkage in coil [V] 

1JJair = Flux 1 inkage of coil not 1 inking sample [Wb] 

nA = nAB_162 == turns area product of co i.l B-162 = 0.0411 [m2 ] 

n = nB- 162 = no. of turns of coil B-162 = 100 [t] 

r 0 = outer radius of sample = 0.01016 [m] 

r i = inner radius of sample = 0.00127 [m] 

Bair = Magnetic induction in center of axial hole through sample [TJ 

14 



LBID-5l9 

I1. RESULTS 

In Figure 3 we have plotted intrinsic induction vs magnetizing intensity· 

for five tests made at LBL. For reference we included a curve for Vanadium 

Permendur from a General El ectric drawing. 3 

Table IV contains the processed data for a single data set (MME Data Set 

No.1204A3.DAT). Similar tabulations are saved in an LBL data book4 for 

different test conditions. The data are also stored on a floppy disk for 

reproduction and/or additional processing. Table V lists data sets that may 

be of interest. 

15 
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LBID-ST9 

I BSIIPUI> RPERH(l) lAIR (1) BINTR 

<UNIT) <TESLA) {UNIT> (TESLA) {TESLA) 

0.3862 2553.860 0.000151 0.3860 
2 1.8754 662.768 0.002830 1.8725 
3 2.1476 249.740 0.008600 2.1390 
4 2.2225 126.016 0.017637 2.2049 
5 2.2520 84.404 0.0?6681 2.2;153 
6 2.2701 63.231 0.01:;901 2.2342 
7 2.2836 50.874 0.044888 2.2387 
8 2.29:54 42.728 0.053720 2.2416 
9 2.3061 36.919 0.Ob2463 2.2436 

10 2.3161 32.545 0.071167 2.2450 

,I 11 2.3258 29.152 0.079782 2.2-160 
12 2.3353 26.418 0.088400 2.2469 
13 2.3446 24.173 0.096995 2 •. 2476 
14 2.3527 21.349 0.110201 2.2425 
15 2.3615 19.930 0.118489 2.2430 .... 
16 2.3705 18.658 0.127053 2.2435 
17 2.3794 17.555 0.135537 2.2439 
18 2.3883 16.:579 0.144059 2.24-13 
19 2.3971 15.706 0.1!'i2b30 2.2445 
20 2.4060 14.935 0.161100 2.24-19 
21 2.4147 14.244 0.1b9520 2.2452 
22 2.4234 13.612 0.178030 2.2454 
23 2.4320 13.042 0.186480 2.2456 
24 2.-1407 12.525 0.194870 2.2458 
2S 2.4493 12.047 0.203::120 2.2460 
26 2.4579 11.609 0.211720 2.2462 
27 2.4665 11.206 0.220110 2.2'164 
28 2.4751 10.833 0.228470 2.2466 
29 2.4836 10.486 0.236840 2.2468 
30 2.-1921 10.165 0.·2-15150 2.2-169 
31 2.5005 9.864 0.253500 2.2470 
32 2.5090 9.584 0.261780 2.2472 
33 2.5174 9.321 0.270070 2.2473 
34 2.5257 9.074 0.278340 2.2474 
35 2.5341 8.843 0.286560 2.2475 
36 2.5-124 8.623 0.29-1830 .. 2.2476 
37 2.5507 8.420 0.3(l2950 2.2478 
38 2.5590 8.225 0.311110 2.2479 
39 2.5672 8.040 0.319320 2.2479 
40 2.5754 7.81,7 0.327390 2.2490 
41 2.5835 7.702 0.335440 2.2481 
42 2.5917 7.544 0.343560 2.2481 
43 2.5998 7.395 0.351540 2.2482 
44 2.6079 7.253 0.359550 2.2483 
45 2.6159 7.119 0.367470 2.2485 
46 2.6239 1..989 0.375450 2.2485 
1t7 2.6319 6.867 0.383280 2.2486 
48 2.6398 6.749 0.391140 2.2487 
49 2.6477 6.636 0.398980 2.2487 
50 2.6556 6.530 0 .... 06700 2.2489 
51 2.6633 6.425 0.414510 2.2488 
:12 2.6711 6.327 0.422180 2.2489 
53 2.6788 1..232 0.429840 2.2490 
54 2.6B65 " .142 0.437430 2..2491 
55 2.6941 ,.055 0.444930 2.2492 

,', 
TABLE IV MME DATA SET" 1204A3 OAT 

(Page 1/4) 
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LBID-S19 

1 BSHPLCl) RPERh!l) BAIR (J) JllHTR 

<UNIT} (TESLA) <UNIT) HESLA} <TESLA} 

5' 2.7017 5.972 0.452400 2.2493 
57 2·7092 5.892 0.459BOO 2.2494 
58 2.7166 S.B16 0.467UO 2.2495 
59 2.7240 5.742 0.474420 2.2'195 
<10 2.7312 5.671 0.481600 2.2496 
61 2.7385 !i.603 0.488750 2.2'198 
62 2.7457 5.537 0.495920 2.2498 
63 2.752B 5.474 0.502850 ::!.2500 
64 2.7598 5.412 0.509920 :<.2499 
65 2.766B 5.355 0.5166BO 2.2::;01 
66 2.7737 5.298 0.52.3500 2.2502 
67 2.7805 5.2H 0.530180 2.2503 ,J 

68 2.7872 :;.192 0.536880 2.2504 
69 2.7939 5.142 0.5~3320 2.2506 
70 2.B005 5.093 0.549860 2.2506 
71 2.8069 5.046 0.5!'i6230 2.2507 
72 2.8133 5.001 0.562570 2.2507 
73 2.8196 4\-.958 0.56Bb70 2.2509 
74 2:8258 4.916 0.574860 2.2509 
75 2.B3H 4.875 0.580870 2.2511 
76 2.8380 4.836 0.586810 2.2512 
77 2.8439 4.799 0.592550 2.2514 
78 2.8498 4.762 0.598450 2.2514 
79 2.8556 4.727 0.604080 2.2S1S 
80 2.8613 4.693 0.609660 2.2516 
81 2.B668 4.661 0.615060 2.2518 
82 2.8724 4.630 0.620380 2.2520 
B3 2.8778 -1.598 0.625820 2.2519 
84 2.8831 4.570 0.630880 2.2523 
85 2.8884 -1.5-12 0.635980 2. 2~.24 
86 2.8935 4.514 0.641000 2.2525 
87 2.8984 4.487 0.645960 2.2525 
88 2.9034 4.461 0.650790 2.2526 
89 2J 9083 4.436 0.655630 2.2526. 
90 2.9131 4.411 0.660340 2.2527 
91 2.9178 4.388' 0.6""'910 2.2!".29 
92 2.9225 4.366 0.669360 2.2531 
93 2.9270 4.344 0.673840 2.2531 
94 2.9314 4.323 0.678050 2.2534 
95 2.9358 -1.302 0.682440 2.2534 
96 2.9402 4.282 0.686680 2.2535 
97 2.9444 4.263 0.690700 2.2537 
98 2.9486 4.2'14 0.694760 2.2538 
99 2.9527 4.225 0.698870 2.2539 

100 2.9568 4.207 0.702810 2.2540 
101 2.9608 4 .190 (Q:;iOf!7HV 2.2541 
10~ 2.9575 4.204 0.703440 2.2541 
103 2.9540 4.22(\ 0.699980 2.25-10 
104 2.9505 4.235 0.696650 2.2538 
105 2.9468 4.251 0.693210 2.2536 
106 2.943"· 4.26e 0.689580 2.2537 
107 2.9395 04. :?B~. 0.685930 2.2536 
lOB <.9357 4.302 0.682360 2.2534 
109 2.9319 4.321 0.678520 2.2534 
110 2..9279 ·h340 Q.6746t.o 2.2533 
111 2.9239 ''''359 0.670740 2.2532 
112 2.9198 4.379 0.666790 2.2530 
113 2.9156 4.399 0.6£2720 2.2529 
114- 2.9113 4.420 0.658620 2.2527 
115 2.906~ +.+42 0.654360 2.2526 

TABLE IV MME DATA SET 1204A3 OAT 
(Page 2/4) 
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LBID-519 

I ISKPL.(J) RPERKCl) BAIRel) BINTR 

<UNrT) (TULA) (UNIT) (T[8LII) (TE6LII> 

lU 2.9025 4.466 0.649920 2.2~26 
117 2.8979 4.489 ·O •• H56l(l 2.2S23 
118 2.8933 4.!:t14 0.64-0940 2.2524 
119 2.8885 <1.539 0.636310 2.2522 
120 2.8836 4.565 0.631670 2.2519 
121 2.8786 ".!i92 0.6:>6820 2.2518 
122 2.8736 4.621 0.621870 2.2517 
123 2.8684 ~.650 0.616810 2.2516 

! 124 '-.8631 4.681 0.611650 2.2515 
125 2.8578 4.714 0.606:;>70 2.2515 
126 2.8:>22 4.746 0.601000 2.2512 
127 2.8467 4.780 0.595500' 2.2512 
128 2.8410 4.817 0.589820 2.2:>12 
129 .2.8351 4.853 0.584190 2.2510 
130 2.8292 4.891 0.578420 2.2508 
131 2.8233 4.932 0.57244(1 2.2508 
132 2.8171 4.974 0.566<120 2.2507 
133 2.8109 5.017 0.5{'0'-90 2.2506 
13<1 2.8046 5.061 0.55<1130 2.2504 
135 2.7981 5.10E! 0.5<17830 2.2503 
136 2.7915 5.156 0.541<110 2.2501 
137 2.7849 5.2(18 0.534770 2.2502 
138 2.7781 5.259 0.528230 2.2<199 
139 2.7713 5.314 0.52!480 2.2498 
140 2.76<\3 ~.371 0.514640 2.2<197 
1<11 2.7573 5.<131 0.507720 2.2495 
142 2.7502 5.494 0.500570 2.2<196 
143 2.7<12" 5.557 0.493550 2.2~93 
1<14 2.7357 5.626 0.486260 2.2<194 
145 2.7282 5.695 0.479020 2.2492 
146 2.7208 5.768 0.471670 2.2491 
147 2.7132 5.845 0.464:>00 2.2>190 
148 2.7056 5.925 0.456650 2.2490 
149 2.6979 6.009 0.4<18980 2 •. 2489 
150 2.6902 6.096 0.441330 2.2489 
151 2.6823 6.186 0.433610 2.2487 
152 2.6744 6.280 0.425860 2.2486 
153 2.6665 6.378 0.418060 2.2'184 
154 2.6586 6.481 0.410210 2.2484· 
155 2.6505 6.590 0.402230 2.2483 
156 2.6-425 6.703 0.39-4230 2.2482 
157 2.6343 6.820 0.386250. 2.2-481 
158 2.6262 6.945 0.378130 2.2<181 
159 2.6180 7.074 0.370(170 2.2479 
160 2.6099 7.212 0.361900 2.2480 
161 2.6016 7.353 0.353800 2.2478 
162 2.5"32 7.50~ 0.345560 2.2477 
163 2.5850 7.662 0.337360 2.2476 
164 2.5766 7.828 0.329140 2.2475 
165 2.56b2 6.006 0.320780 2.2474 
166 2.5598 8.190 0.312570 2.2473 
167 2~S514 8.387 0.304?00 2.2472 
169 2.50129 8.597 0.295810 2.20171 
169 2.53014 8.817 0.287'150 2.2469 
170 2.:>259 9.050 0.279120 2.2469 

.~ 171 2.517'" 9.302 0.270620 2.2468 
172 2.5088 9.567 0.262230 2.2"'66 
173 2.5002 9.8S~ 0.2537<10 2.20165 
174 2.04V1S 10.15'1 0.245250 2.20\-63 
175 2.04829 10.4&5 0.236900 2.2461 

TABLE IV MME DATA SET 1204A3 OAT 
(Page 3/4) 
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I BSHPLCI) RPERKCl) BAIRCI) BINTR 

<UNIT) 

176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 

,197 
198 
199 
200 
201 

(TESLA) (UNIT) (TESLA) (TESLA} 

2.4741 
2.4654 
2.4567 
2.4479 
2.4391 
2.4303 
2.4214 
2.4125 
2.4035 
2.3945 
2.3855 
2.3764 
2.3673 
2.3582 
2.3489 
2.3404 
2.3312 
2.3215 
2.3114 
2.3010 
2.2897 
2.2770 
2.2616 
2.2387 
2.1913 
2.0234 

DISK FILE 1204A3.DAT 

10.840 
11. 223 
11.639 
.12.086 
12.576 
13.11~ 

13.702 
14.357 
15.080 
15.88~ 

16.791 
17.816 
18.992 
20.331 
21.899 
24.989 
27.327 
30.342 
34.154 
39.120 
45.932 
5S.906 
71.902 

102.242 
174.352 
466.621 

0.228230 
0.2191-80 
0.211080 
0.2(l2~40 

0.1939-40 
0.1115300 
0.176720 
0.1611040 
0.159380 
0.1~0740 

0.142071 
0.133382 
0.124651 
0.115990 
0.H)7258 
0.093655 
0.085309 
0.076510 
0.067677 

. 0.058818-
0.049850 
0.040729 
0.031454 
0.021896 
0.012568 
0.004336 

2.2459 
2.2157 
2.2456 
2.2~S-4 
2.2451 
2.2450 
2.2447 
2.2-\4S 
2.2441 
2.2.,38 
2.2435 
2.2~30 

2.2427 
2.2422 
2.2416 
2.2'167 
2.2459 
2.2450 
2.2438 
2.2421 
2;2399 
2.2363 
2.2301 
2.2168 
2.1788 
2.0191 

VANADIUH PERHENDUR. REHEATTREATED TO 1120 CELSIUS, 4 HR. SOAK 
800 T, MAXDAC = 1000. STE~L POLES AFTER DEHAG 800 T ONLY HAXDAC = 1024. 
RUN LOOKS O.t;. 

INTEGRATOR: HOD71tOl FLUX STANDARD: SLFS 40 
04-DEC-81 18:34:00 

SEARCH COIL:- 8-162 
GAUSSHETER: BELL 620, 
HAXDAC • 1000 

SIN: 501586. HALL PROBE: SAE40618, SIN: 120011. 

TABLE IV 

201 DATA SFTS :; PARAMETERS LONG 

MME DATA SET 1204A3 DAT 
(Page 4/4) 
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LBlD-519 

TABLE V. DATA SET IDENTIF lCA TION 

No. 
Magnetizing 

Data Set Des cr i pt i on Windings 

1124Al. DAT Vanadium Permendur-- 13 
Virgin 

1124A2. DAT II II II II 800 
i' 

1124B1.DAT Vanadium Permendur-- 13 

'. Annealed 8150C--1 hour 

1124B2. DAT II II· II II 800 

1125A1. DAT II II II 
II (repeat) 800 

1124C1. DAT Carbon Steel-- 13 
Annealed 8400 C--1 hour 

1124C2.DAT II II II II 800 

1124Al. DAT II II II II 45 

1204. OAT Vanadium Permendur-- 45 
Annealed 11200 C--4 hours 

1204A2. DAT II II II II (repeat) 45 

1204A3.DAT II II II II 800 

1204B1. DAT II II II II 800 
(w ith heat treated Vanadium Permendur Po 1 e Ti ps) 
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III. VALIDITY MEASUREMENTS 

A. GENERAL 

The v·alidity of the results of permeabil ity tests depends on the accuracy 

of various ~easurements and the interpretation of the measured data. The 

American Society for Testing and Materials, in its discussion of DC 

permeameters presents the following disclaimer: 

"Permeameters in general are comparative only, cannot handle all 

magnetizing forces in their test specimens, and should not ~e considered 

capable of always determining the absolute value of the basic magnetic 

properties of the test specimen. Their absolute accuracy is 

k 115 un nown •••• 

Elsewhere, they estimate precision in measuring magnetic induction as 

± 1 percent and the precision in measuring H from 1 percent to 8 percent, 

depending on the permeameter and range.6 

We believe that the limitation on the Halbach permeameter (in fact, the 

1 imitation of modern permeameters in general) is no longer the precision of 

measurement but the interpretation of the measured quantities and the effect 

of other independent variables such as detailed magnetic history (including 

rate of change), temperature, mechanical stress, etc. 

Since there apparently is no acceptable standard for the absolute 

accuracy of the magnetic properties of a test specimen~ we are limited to 

considering the resolution and accuracy of our test equipment and to relying 

on mathematical models to relate the measured quantities to magnetic 

properties. We will consider the test equipment that affects the accuracy of 

magnetic intensity and magnetic induction and discuss the assumptions in 

specifying magnetic properties. 

22 
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B. DETERMINATION OF MAGNETIC INTENSITY, Hsamp1 e 

The determination of magnetic intensity in the sample, Hsamp1e' depends 

on (1) the accuracy of measurement of magnetic induction in the axial hole 

through the sample, Bair , (2) the proper application of boundary conditions 

at the interface between the sample and air, and (3) the uniformity of 

magnetic intensity over the sample cross section. 

1. The axial probe used for measuring Bairis reported to have a 

1 inearity of 112% to 10 kG.'.7 If improved accuracy in the measurement of 

Bair is warranted, a simple field calibration procedure could improve the 

accuracy of Bair to± 0.2 percent of the full scale range. (The difficulty 

of an accurate cal ibration increases on the lower ranges.) 

2. The principle that the tangential component of magnetic intensity 

across any boundary is continuous is ~e1l estab1ished. 2 The aspect ratio of 

the sample, the symmetry of the magnetic circuit, and the size of the axi.al 

hole through the sample, influence the application of that principle to the 

equality Hsamp1e = Hair. A previous study of these factors1 suggests 

that the error due to the practical application of this principle is less than 

2 percent (at 300 Oe). 

3. The same conclusion was reached on the field distribution over the 

sample cross-section, i.e., less than 2 percent variation. 

C. DETERMINATION OF MAGNETIC INDUCTION, Bsample 

The determination of Bsamp1e depends on the measured quantities 

\)Jtotal' Asamp1e' nAcoil and ncoi1 ' and Bair . Also important in the 

determination of Bsamp1e are the assumptions made in deriving Bsample from 

the measured quantities. 
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1. We bel ieve we are capable of measuring flux 1 inkage (~) with an 

absolute accuracy of ± 0.1 percent (~). Using our electronic integrator as a 

transfer device we compare a measured flux-linkage with flux-linkage generated 

by a flux-standard whose absolute accuracy is ± 0.05 percent on the range 

used over wide ranges of ambient temperature (10 Co) and long time periods 

(year s) .8 

2. We are capable of determining the cross-sectional area of the sample 

(Asample) to better than ± 0.1 percent (Asample) using length- weight

density calculations described by ASTM. 9 

3. We are capable of determining the absolute turns-area product of the 

liB-coil II (nA) to ± 0.1 percent (nA). The number of turns (n = 100) were 

carefully counted during fabrication of the B-coil and verified by tests 

conducted during this project. 4 

4. As described above, we are capable of measuring Bair to 

± 0.2 percent (Bair ). 

D. INTERPRETING THE MEASUREMENTS 

The influence of the accuracy of the measured quantities on the accuracy 

of determining Bsample may be discussed with reference to Eq. 1 repeated 

here for convenience: 

~ sam p 1 e ~ to tal - ~ air 
B s ampl e = -n-A;;---'--- = 

sampl e nAsample 

~ 1 - nB . A . tota alr alr 
nAsample 

24 
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The first two terms are related to Bsample by equal signs. No assumptions 

are made at this point (except that the average magnetic induction in the 

center portion of the sample is a meaningful magnetic property). The 

approximately-equal-symbol separating the next term suggests that Bair is 

approximate. Equation 1 could be refined by including the integrated effect 

of variations in Bair with radius (both in the hole on the axis of the 

sample and external to the sample) .. 

E. Comparison with SLAC Split Coil Permeameter 

The most convincing validity tests were the comparative measurements made 

by SLAC and LBL on samples of cold rolled 1018 carbon steel fabricated from 

the same piece of steel and heat treated together in the same oven. The SLAC 

split coil permeameter calibration has been traced to NBS. The results of the 

comparative test are summarized in Appendix A. 
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IV. DISCUSSION 

A. General 

We' believe our decision to automate the Halbach permeameter as Phase II 

of the MMEDAS was prudent. LBL now has a facility to test the magnetic 

properties of a wide range of materials. and MME has an "expanded" General 

Purpose Data Acquisition System. To simply duplicate the tests made on samples 

fabricated as shown in figure 2b. we estimate the following effort: 

Task Job Classification Man Hrs~ 

preparation and set up 

sample preparation 

heat treatment 

tests including demagnetizing 

report 

9132 

9147 

9147 

9132 

9132 

8 

2 

0-4 

4/sampl e 

4-24 

However. we believe that in the interest of advancing MME capabilities. 

we should request additional support. Hopefully. prospective customers would 

have a special interest in one or more of the generally useful improvements 

1 i s te d below 

B. Hardware Modifications 

1. Magnet 

The Magnet used for these tests and previous measurements of this type 

was fabricated at LBL -30 years ago for magnetizing small permanent magnets. 

Although it was satisfactory for these tests. the Halbach permeameter would 

benefit from a redesigned magnet. It may be cost effective to modify a 

different magnet or design and build a magnet specifically for testing 

magnetic properties. 
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B. Hardware Modifications (continued) 

2. Power Supply 

a. For the existing magnet 

(1) We should attempt to acquire permanently the bipolar, 30 A 

(2) 

power supply now on loan from LLNL. 

The (lower end of the) dynamic range of magnetomotive force 

could be improved 

(i) by providing a "controllable" parallel path for current 
from the LLNL supply 

(ii) by adding another bipolar supply to auxiliary windings 

and modifying the coding as required 

(iii) by acquiring a more flexible power supply 

b. For a different magnet 

If the decision is made to. use a different magnet for subsequent 

tests, the question of a suitable power supply must be addressed. 

c. Range of Appl ication Studies 

1. The Halbach permeameter is worthy of additional test to determine its 

capability of measuring paramagnetic and diamagnetic materials. 

2. Ultimately, comparisons with the National Bureau of Standards for 

various material types will be required to certify the Halbach permeameter and 

LBL Magnetic Measurements Engineering test procedures. 

D. Magnetization/Demagnetization Procedures 

1. The improved capability for determining the state of magnetization of 

the sample (and the electromagnet IS magnetic circuit) is fundamental to 

establishing suitable magnetizing cycles. More studies are needed in this 

area. 

27 



D. Magnetization/Demagnetization Procedures (continued) 

2. -Comparison of Different Magnetization Cycles 

Comparison of results as a function of magnetization cycle and 

LBID-519 

magnetizing intensity should be made for various material types. Cycles 

of interest are described below. 

(a) First Quadrant Only 

Starting with a demagnetized sample, measure magnetic properties as MMF 

is increased to a maximum and then as MMF is decreased to zero. (This is 

th e procedure we fo 11 owed. ) 

(b) Bi po 1 ar Measurements of Band H at On e Value of ± MMF After 

Demagnet izat ion 

For any value of MMF, first demagnetize, then cycle once from zero to 

+MMF and back to zero, then to -MMF and back to zero. Measurements are 

made at 5 points on the cycle, three at MMF = 0, one at +MMF, and one at 

-MMF. In this sequence, (the technique used by SLAC's Magnetic 

Measurements Group) the data corresponding to ~1MF and -MMF is reduced to 

determine permeability. 

(c) Repetitive Cycl ing with Gradual Increase in MMF Magnitude 

Starting with a demagnetized sample, repetitively cycl e between + and -

MMF values while recording data at selected values of Band H. The 

average of the absolute value of consecutive end pOint data is used to 

determine permeability, and consecutive measurements of H(B = 0) 

determine coercive force. 

3. The dependence of the measurements on the rate of change of MMF and 

"delay-times" should be studied more thouroughly. (There is evidence 

that time constants are much longer for low values of H). 
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E. Sample Geometry 

1 •. Al though the cyl indrical geometry of the sampl e used for these tests 

was studied analytically in 1978, we only have conclusions from those tests. 

The investigator (M. Kaviani) is no longer at LBL and his studies are not in 

our files. More comprehensive studies over a range of magnetizing intensities 

and for a variety of materials (for samples and poletips) .would serve to 

increase our confidence in the approximations required. 

2. In addition to analytic studies, additional tests would serve to 

increase our confidence and identify limitations of the Halbach permeameter. 

These test include: 

a. determination of variation in magnetic intensity on the axis of 

th e s amp 1 e, i. e • , H (r = 0, z) 

b. determination of variation in magnetic intensity outside the 

sample, i.e., H(r, z) r > Ro 

c. determination of the variation of flux-linkage as the liB-coil II is 

moved axially, i.e. 1jJ(z) 

F. Effect of environmental parameters 

1. temperature 

2. mechanical stress 

3. po 1 e tip mater i a 1 

G. Software modifications 

1. coding required to accomplish any of the above 

2. clean-up and general ization of existing coding 

3. Graphics -- Real time plots of raw data would: 

a. aid in immediate verification of test data 

b. aid in analyzing results 

c. facilitate writing of reports 
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APPENDIX A 

- Comparison of SLAC and LBL Measurements OF 1018 Carbon Steel 

The purpose of this appendix is to compare permeability measurements of 

bw samples of indentical material (Cold Rolled 1018 Carbon Steel LBL stock 

no. 9510 - 10198 Vacuum Annealed at 15000 F (8400 C) for 1 hour then cooled 

a t 30 0 FO 
/ H r ( 1 6 6 CO 

/ H r ) 

Table Al summarizes the tests made at LBL and at SLAC. 

Appendix C contains copies of the data sheets provided by SLAC. 

MME Book No. 644 contains the LBL data sheets. 

Range of 
Magnetic 
Intensity 

[Oe] 
Organization Test No. Min Max Date 

LBL 1124C1. OAT 0.69 36.8 11/24/81 
LBL 1124C 2. DA T 0.37 7056. 11/24/81 
LBL 1 130A1. OAT 0.35 298.9 11/30/81 

SLAC 1 1.54 83.2 1/14/82 
II 2 1.45 84.7 1/14/82 
II 3 0.18 9. 1 1/14/82 
II 4 1.54 86.1 1114/82 

Table Al Summary of Comparative Tests 

Fi gures Al and A2 summarize the test resul ts. Fi gure Al shows magneti c 

induction, B, as a function of Magnetic Intensity, H; while Figure A2 presents 

~r = B/~oH as a function of H for the same data. 

We have reached the following conclusions: 

A-l 
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In the range 5.0~ H ~ 86 Oe. the agreement between SLAC Data and 

LBL ascending MMF Data is better than 2% (above 10 Oe. the curves 

are indistinguishable). 

2. The LBL descending MMF data is indistinguishable from LBL ascending 

MMF data for magnetizing intensities above 200 Oe. (even for the 

data set descending from 7056 Oe.). Below 200 Oe., the sample 

and/or the LBL magnet retain permanent magnetism as shown by the 

dashed curves in both figures. 

3. For magnetizing intensities below 5 Oe, values of magnetic 

induction reported by LBL are consistently higher than 

corresponding measurements by SLAC. There are two effects that 

could explain these differences (qualitatively at least). More 

studies are required to determine the relative contribution of each 

effect to the measured value. 

a] The first effect is due to the failure of the LBL procedure 

to completly demagnetize the magnet used for the tests (the sample 

was demagnetized by annealing). 

b] The second effect is due to the magnetic history 

differences inherent in the two methods of measurements. For the 

SLAC split-coil permeamenter, magnetic induction is determined from 

a measurement of a change of flux-linkage when magnetic intensity 

is chaged from + H to - H. In the Halbach permeameter, magnetic 

induction is determined from a measurement of a change in 

flux-linkage from H = 0 to + H. 

A-4 
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'., 
Because of the non-linear effect of magnetic history on the final 

state of magnetization B(+H) - B(-H) < 2 (B(+H) - B(O)) 

Although we suspect that the LBL demagnetization procedure is 

the main contribution to the higher magnetic induction measured by LBL, The 

second effect will influence the basic shape of the permeability curve at 

low magnetizing intensities and should be studied in more detail. 
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81 nov 4 ~i~ some mise ~Grrections 

~:3 U E-:;::~ (: ~.J T I i\~ E F' F~ f::: F' t'! ;:.: ( CD I I... (: h -; t·) i~. C; j' ~,. ~ T c: D I L ) SF' L. I1 E E; ~ ~~:; F' L C II ;; S P L I I! !.' ::::.; F i .. i\~ T H r 
1 GMRMOD, GMRNUM rPRBM~DrPRBNUM ,PRBCON,GMZERO,GMCAL, 
:~:.:: J: i···.! -~. i':) 0 Ii '? F.~ I j') T ~~ c:: I f'! T 7 lo,. T :., 1~ :;: ;'.~ T:~ ~::; i. . F" i::'j f.'.i D :1 :::: L F' L U >< ~t E :::; L F t:; ) 

CALL C~IL?P(COILNM.ACOILFTCDJL) 

C0LL SMPLPR(SPLDES,SPLOD,SPLID,SPLNTH) 
C~~L HALLP~(GMRMGD, GMRNUM, PRBMODp PRBNUM,PRBCON,GMZERO.GMCAL) 
CALL INGRPRCINTMOD,RINT.CINTrATNINT) 
~ALl SLFSPP(SLFMOD,SLFLU!,[SLFS) 

-, 
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G··· 

C 
i .. 

1,_ 

c 
i'" 
' .... 

.... 
1,_ 

mi~ removed len par 
F: E I) I :::: E D ~ 
P i.J h F';J :::; E :~ 

LBID-519 

process permeabilit~ dat2. 

'TCOIL ::: i()O" 
CALL SCOPyiB-:62 

)cDil ".·:jT"ns· ",:rc··::! 

!coil. tlJrn~:; 

lenil identification 

B-17 
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i ... 

.. 
I. REVISED: 81 nov 12 mi~ 

Jo d~fine sam~le 0arame~ers nee02a bs PERMn ~G 

r .. : 

ACCEPT 100, SPLDES 
100 FORMAT(72Al) 

B-18 



C: 

i .. 

C...:~' ... 

LBID-519 20 of '46 

To define Gaussffieter parameters re8uired bs PERrin to 

BYTE GMRMOD(10', PRBMOD(10} 

C, h C !~; i... :0: ..... 

~ALL SCOPY(!S~E40618! 

B-19 

" ., : ;::: r' C C: i'!:.: ::. C) r: ';:. T., .;:.: !"i 'L 

i (in shipld) zoro 
iinternaloalibration 

~ :~ .~~ l.J <E .. ::. 1T:, E' t e r' ril C) d (.~": 1. 
~ ::;: .. r' C) b s· til c! C; 1::" 1 
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DATE: '81 OCT 29 DHN 
I .... 

SU3ROUTINE I~GR~R(rNTMOD~ RINTrCINT, ATNINT) 

i .... 

.::.~ "I:.. 1"1 i n t ::: -:- c;.' :2; .::' ::) 
C:: !:':i l~. i_. ::::; C: :~~! ;:: .. ,-( ( l j"i C I: '7 t ;~: Ci t ,',: I i\~ T iIi: 1~1 ::~i ) 

"" ,', 
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To provide SLFS constants reauired os ~~~Mn t~ 

:SLFS flu~-linkase 

~SLFS 

B-21 ' 
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r: 
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C: 
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~ull for ~NSWER(2) 
mlS all bstes even 
n! J. ::::~ 

determine initial ssm~12 cQndition~ and instructions to 

LSL MODEL 71 INTEGRATOR (6ZV1763) 

,:;, .: 
' ... ; ,i. Cict 

.M ,,,," •• ,,~ .... 

·;U 1::. I,.) f J::~ i ... 

1.)I!····~TO~· intesrator voltase at. TO, with search ceil in shield 
J. \." 

is ~u~ in mu metzl shield 

. . . , .- .-. 
. . ' ;::! i. J :':; i:~. 

zero jntesrator bs pressing 'PESE7 TO ZERO BUTTON' 

::;':1.::- \ '"," 

8-24 



: .. -

j .... 

J .-. 

):~ E C CTi E ( :t ~: 7 i (10 J \) ;,) I ~""! T Ci 
100 ~ORM~T{~]4.6) 

' .. , 

~~25S retu~n wnen done' 

.. .1 .... 

J .-

J -- IBUP(O, .~, 'F1R7Tl' 
, 

.... 

, 
! 

~SAMP - S~CNDS(TO) 

DECODE(13. 100, V) VINTS 

C: 

i .... 

B-25 
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~ ;::: r ::. :=; r .::;: r[: I: ~) i~:'i 

! t r t :::;::~E' Y" Dl·.)r~·~ 
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i. 
i'" 
' .. ' 

writ~?n and workinS 

this SSP IS desisned ~~s~ ~G pu~ a lime aEias into another 

, 
', .. ' 

I ..... 

i..: 

: .: i .. _~ .. ",. " 

; •• I ; :._ L. T:~ ;.-] E 

;',' 
" i .. ' 

B-26 
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( created bs mike 1 sreen 
( .. 
' .. ' 

L· modification Mistors: 

" , -'; b ,=, 1 ["1 0 , ri! J. :~:; : . ..! C j' !.~ r'! :=.~~ . l. ..... .1 • 

C:: () .::: ;~-:; n C! :i. IT! ~ ';'''; i. .;. t.. e n •. .. .1. '-' 

c 
C F"ljr-PC~·E· ~ 

C 
1 .. - deter~ire ~inal sample condition, intesrator drift VO]t2~2 

and instru~tions to o~er2tor to accomplish same. 
i n F' 1 J i,:. f i ri .~~: 1 C D ITi m e.. n t .. ;;:. 

C hardware reQuired: 
r' 

c 
c 
, 
' ... 

i
U 

: ... 

i'" 

LBL MODEL 71 INTEGR0TOR (6Z01763j 
LBL SQUARE LOOP FLUX STANDARD (SLFS) 

software reauiredl 

C parameter definitions: 

i .... 

,-
' . ..; 

,-. 
=-' 

i", 
1,.-

, 
'-' 

C: 
1.... 

. .' "', :. .. -~ : 
'-' .. "'! ...• .' '! 

integrator volta~e at TSAMP 
time when Just searon COll 

inte~ratar vcltaSe 2t TEND 
, .-... ::.-

put search coil around s?~ple and insert into shielc 
press return when Gone 

.j .... .l.~....... _. r 1.') 
..J ..... L BUr.> .:. t 

...J .... 1. BUt ( .: 
..; . ", 

'.'- : 

TSAMP = SECN~S(TO) 

B-27 



! , 

'f'iFE * ~ 
F' (1 U~=; E 

r2~~ ~Gtbjrator voltaJe and final time 

,...1 .... I :~.: 11 ' .. ' t:. (~ ; '._' , ., 

j ". J B U I:' ( .j ': ) I .I. 

...! -" E: U F' ( (1 Y 
··z 

" ,', .... ' IF:!.F:?T1'':, t . .': 
, 

,., I B U F' I .3 .j ) .. ,' 

,..I ." I :t: U F' ( .1 ;' '-' 
, 1)1 1/:,.) 

TEND = SECNDSCTO) 
DEC:OIlE ( :t?: 'J :1. (10;, i.)) 1~~Ei··~D 

100 FORMATtE14.6) 

enter ans final comments' 
~CCEPT 110~ COMM3 

c 

B-28 
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, ,... . ~ ... ~. ,... 
' .. / .!. ;",1 :::. ,_ 

~ll bstas even dimens~on 

~isc hall p~c~e co~rections 

copied from SAUEi.FOR 

. ••. ,.- r.',' .... 
\" :':. r·., Pi ./ 

;.i .. , .:..' 

B-29 



LBID-519 31 of 46 
, ;"< j ~:) ) T , ... ·i 

7 I .; 
! ;-"" " .. - , , 

.!. j. 

r -.-

( ..... F>'.TT 

(

/.:.c:c 
.' ,',. 
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'" 

!li i ::.~ 

f: .-... I 
f.) ; ("I 

I.-

, ... . 
l ... . 

J" 

!., 

! , 

-l:' 0' •. -,,:, 
, , ,_, Ii' 

. -, 
i. ~_' 

LBID-519 

FNAME added to print & VOMIT call 

C ~L 1::" ·~1 n :L r"; :::; U ::: .. 

i~JG r"V:t '''!'::.:; 
co?ied from VMTST2.FOR 

In file VOMIT2.FOR 

32 of '46 

~-----------------------------------------~----------------------------------

c Geed to link ~l~h brttom of st~ck raised above 1000 

~-------,----------------------------------------------------------------------
! : 

-, 
'-- " " 

BYTE COMM2(72), SPLDES(72), TIME1CS), DATE1(10), COMM3(72) 

. .. ... 

·~:·uc. T"cut ~ (Ii::'" 

f.:: 

('.,. "'. ; . 

\J::? 

r'iFE 210. SPLDESJ COMM:, [8MM3, DATEl, TIMEl 

8-31 



r"' 

I, 

i:: 
!'" 

c 

PRl~T 190r (~NAME(I)~ I = 1, iO) 

I:' h: I (,rr 
,:' F;~ I (.1 T r'. ,", :~:. 

.. :.: .... ,: ... ..1 ',' 

I NTiviOD~' 
G j .... j ,::.: t,.~ U f} , 

PRINT 230, MAXDACr Ii, Kl 

:::;L.FhOD 
P F: );; [1 0 Ii ~ t' F: E: N U i"j 

LBID-519 33 of 46 

GMZFRG, GMCAl, RINT, CINT, ATNINT, SlFlUX, ESLFSr VINT0, 
2 ,'SAMP, V[NTS, TSAMPF. VINTSF, TEND, VEND, GMRNUM, PRBNUM 

ACCEPT ~00, 0NSWEP(2) 
200 FORMAT( lAl 

IF (ANS~ER(2) I~Q. 'Y') PRINT 250, «ARRAYeI, ~!, 

r:: 

~e now cell putout' 
CALL PJTOUT(COMM2, DATE1, TIME~, COILNM, ACOIL, TeOIL, 

SPLDES, SPlOD, SPLID, SPLNTH, GMRMOD, GMRNUM, PRBMOD, 

FORMATe 3(1!, 72Al/), lX, lOA1, 

FORMAT( ! GAUSSMETERl , 1 0A 1 7 !, SIN! 
:i. "/"it',L.L. F'PC'r:F~ /7 1.<);:1:1.)- ~.~ :3,./r··.!;: ;';, F'71,.C}) 

.... ': I> F 0 !~~ ;<'1 ~': T ( .: i'~l f~'l ::< Ii f:'f i:: '::: . 1..::oj. 7 1-;:; /;; I 11 '!.' Ii A T f:', E: E T S ~':, :t ~; :.:( '! I ~~: ~1 

.... 
i ...• 

t"· ..... 

( PARAKETERS LONG') 

FORMATe lX, 3Fl0.4, ~'-.+ .-. .-. 
~ 1. ;.j ~ I.) :.' 
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,-",. b '.,.:' c 

i:: 
C ! ) I:..·. .~~~ 

(' ; . ·3 L 
, 
, .... 

j. 
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TCOILr 3PLDESr SPL00, SPLID~ SPLN7H, GMRMODs GMRNjM, PRBMODs 

, SLFMOD, SLFLUX. ~SLFS, VINTO, TSAMPr 01NT8, MAXDAC, 

B :l. n ;") 
3 1. r! , •• t 

:::: 1. .... : 
! i .. 

H ri n 
.... 

t ! r~l .-

., 
...• I . 

." 1 
, .\ , 
. ' !"" 

.. 
t-;--

',.f 

.-
/, . .... 

.. ' 

w. ~ .-; 
II' .j •. ::. 

all bstes even dimension 

~t~ copied from SA0E?FOR 

BYTE FNAME(12), COMM2(72) 

TYPE t, 'tsP0 file name for retrieving data XXXXXX.DAT ' 

100 FORMAT~jQA1) 

r" 

C:: 

, 
: .. r. .. .. , ,.,j 

READONLY, NAME - FNA~E, FORM -

~~LDES, [OhM], CnM~3 

F: E: (:; I"! (1.) C C I L. ;\~ t~~· :3 f·.:i ~:~ h ::~: D}· e F: E: t'; 0 D y I :\! T ~~! D [I y :~~ L F r"t 0 D 
F: ~:: [~:'i 'Ci l~ • .t ':. j':i {~t '/ ;~J ~'I i~: :.' ~: .~.:: i< j. 

8-33 
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TYPE i. FILE HAS BEEN REnD t CLOSED' 
RETURN 
END 

.. 

B-34~ 
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1 SPLDES~ S~LGDI SPL!D, SPLNTH, GMRMOD, GMRNUM~ PRBMOD, 
./ F' F~ E-: i~-~ U ;-'J1"} F> ;::~ ~~;; ::-, () N~, G M Z E F: D ~ . (~~":1 c: t; L ~ I i~·~ 'r i~:i C I! J F~ I N T ~ C I NT 7 - (~T i\! I }\~ T 7 

~_. ~=:I L. F j'~'i D D~' ~.; ~~. F 1... tJ ><~, E ::: L. F :?. 7 t .• ) I N T C; r T :3 (:"1 i""j p ~ l.) I l"·1.! T ;::; ~I (i {i >< I.1 f; C y 

.,::~ T 1.'; '.,' 'l 
;\ .1. ~ ARRAY. TS~MP~, UINTSF? TEND, 

cp~ated bs don nelson 

!.: 

~odifi=ation h~stQr~: 

,'_. () ::: , ri '._' 1../ 

(:; '--, 
:~ :L n D .. ;.. - '" 

() 1 ,-. Q 1 n 0 '" - ' .•. ' 
i) :L b :::~ :I "', n , . mig \ dhn mise additions & correctia~s 
<::. 1 ~::.: F: -j !'-.: t; -

, 3 copied savel.for to ptoutl.for ~n faciiitate cQdin~ 
C: 
.•... 
J •• 1 

r:: 
C: 

(! D rt :::.' 
j'. 

! .. 

In ~110 PROCC1.FOR 

c in file CALMU1.for 
C: 

!.--

i' 
I •• ~ 

:" ..... 

',. 

,"\ 

: 

8-35 ' 



f: 

j'" 

L8ID-519 

FO~MAT( ~'lX· F10.5» 

1 ARRAY, EDe, BAIP, BSMPL, ~PERM) 

~ALL PRNTOT (D0TE1, TIMElr ~nILNM, ACOILI TCOILp 
SPLDES, SPLOD, SPLID, SPLNTH7 GMRMOD, GMRNUM, PRBMOD, 

3 SLFMOD, SLFLUX, ESLFS. VINTO,fSAMP, UINTS, MAXDAC, 

{::,: t:: T t.J F~ (.) 
Ej')I:! 

8-36 
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i'" ..... 

C created bs don h. nolson 
C. 
C 
C: 
C modification historsl 

c 
c 
c 

iii .:. ::-.i 

ch2n~od dimension statement for expli~it 250 
chan~ed D~TA(I, J) to ARRAY(I, J) 

C parameter definitions: 
('" 
•.... 

C: 
i ..... 
',.t 

C:: 

c 
c: 
i ... : 

c 

Z2 

;:::DC(I) 

',' \ ..... -'" .! ;.. I, ~ 

time of last inte~~2tor zoro ~~~~: .~ (seconds) 
first intesrator zero readin~ in s~·:~ld (volts) 
f i ri .:~: 1 
no6f data points 

inte~ratDr output potentiaJ (volts) 
~~me since zeroins intesrator (seconds) 

,., ' .. ' '.: 

.:;:", :: 

!. 0 ,-. j')::' 

C: 

I 
i .. 

L adjust for linear (in time) drift 
, .... 
~ .• t 

r~ () ::. (:1 () I :::: . t ? ;\~ 

1::: t~t C ':: I) :::: ~~) F~ F: t! '-{ ( I ;.' .~:} .... L: F:.: F T F: T : .. ; .. : j:\ F~ F: 
PRINT 1010, I, EDC(!), APPAYCl, 
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C ~odificatio' -istcrs: 

C: 

{' .. 
J_ 

! . 

c 
: .... 

r-, 
I .. , 

C:. 

I. 

c 

c:: 

L 
j", 

'" 

iTI i :~:.:; 

111 i~; 

~HALL(I~, GMRNGE(I~rand EFLUX(I) 

softw~re neGuired 
no subroutines 0eeded 

• ';' r 
~ . ",. .1. i __ 

"fCCIL 

::; L. i::' L. U \: 

"2 diameter of the hole {meters}, 
The turns area product of the coil that measures 
flux-linka~e. {turns * m~tprs t meters} 
The no. of turns of the coil. {tu~ns = di~0~ icn-

.. ~. h f~1 Gut F' ~.J t ~: .. 0 ~:., f:~' rl t i ~~: 1 ~:; of" ':. '"! 1:: :i. 1-; t i.:' :~~ ';"' .~; t.. D r- d l.! ::~ -t.- C 

::)L.FL.U):::~. {!~)} 

~··-f/i..).r 

7~e Gaussmeter output potentiai {V} 

T~e 2r22 associated with the flux ~easu:~ 

f J.u >:: 
C: .... -', ": ~: iJ T' r! ';::~ ~~ { hi b } .~ 

B-38 
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OUTPUT PARAMETERS: 
:-. 
..... BAIR(!~ IMe m~~ne~~c induction In the a,r 2~ measu~ed Os 

-0 ~asne~lC induction in the s~mpl~ as com-

i.,. = BSMPL(!) / BArR(!) = BSMPL / (MUO*H). 

DIMENSION PP~RM(250) 
, 
'.,' 

T C (j I L. ... t, :=; i'j F' I .. 
I~ (ESLFS .LU. 0.0) PAUSE! ESLFS 

TF ( ~S~PL .=r. 0.0) p~US~ 

we now beSin c~~~~lation loop' 

.'..1, 

FLUX - BAIRel) t AAIR) ! ASM?L 

.EO. 0.0) GO TO 200 
PERM!!) = BSMPL(I) / BAIR(I) 

:::.~()O CO()TI;·'·~UE 
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j ? !:~.: !.:.; l·) U i~"i :.' ;:., :::.~ ':..; c r:: ~\~" Ci ;\:~ Z E i~.' :::'? ; .. :~ !":': C t: L:: I :\: T i~J~ 0 D, i:.~ I i··..1 T ~ C T j')"~ :.1 ti T i"": I [ ... j -i' 
" :::; L. F ~'i () I'i ~.1 ::~ L F ~". i..i ~,~~, E .~~ L F ~=;: I,} J. N "r O~) T :::: ('; 1····~ F' 0: l.) T ~\! ";':;~, j"!j ;:i X Ii i~:! C ; 

i) 2 i"::r 

!)?.::: 

'.) ~. c: 

'./ .j. '::: 

;J ;': .. r· .:. :': 

. ... ::':.' 

~li bstes even diffiensi~ned 

misc corrections ~nd additions 

:\ ; _., L 'i. :::: ;':.' ~.! '," .:::: 'i',' .i. ;"! '::, '::. (.:~ ',;;. ;-.. 1::') F; 

._ .,_ - • _.. • N ....... . 

':':: :-; f~~ i-' L. \. >: :::: () ) 

BYTE COILNM(10), GMRMOD(~O), PRBMOD(10) INTMOD(10~, SLFMOD(10) 

-::. !::' T :",; T 
, ~', -I. " t 

.. ,' .... 
. ', " 
i::···.·· 

:. i~. H":: :.i (! 1 T> ' " .':: ' .... 
• , .. J.' 

!\! _. i' ~ 

; .. ~ 
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502 FORMAT ( II0, Fl0.4· Fl0.3~ lOXr Fl0.6, Fl0.4) 

i .. 

( ! print sb~ Just beforp return' 

(/:,:; 
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r CAMAC controller - STAND(RD ENGINEERING CORP. MODEL CC-LSJ-11 
KS 3130 POWER SUPPLY CONTROLLER 

r ~:~. ENG, CORP., ·PDP-l1.·CAMAC SU?POR7 LIBRARY' 
c 
..... 
J •••• 

i .. 

:t 0 () 

~·.~l (f T (:; ~::: >~ (:'1 l~': L.. E: ~ :C! }' ~~:; (:'; f; i. ,/.~ Hi" h~ j..J E -, .~ F (:\ !... ~; E .~ .. / 
DATA CRATEr SLOT, SBADDR f]. 15r 01 

!initializ2 crate "datawas _ cscle 
~ALL CCCI(CtDDP, DISABL) 

, (-) r: 
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set ~~-3495A Scanne~ ch~nnel 

::... i.: '~:., :.~:.1.~. ;:; j'" 

I 
·f ... ~ 

,;. :: 

.1. :; 

.: .. " 
.; , 

.; 
l. 

(\ ,'-. + ,,:. '7;' 
..... ' ....... t.:.:· ... · 

103, 1C4, 105, 106, 107, 108, 10Y, 110) 

I') 

\) } 

: 0 :.~~ ; '.) ToO .. ~, ,--, 
'._ I I •.•• ' 
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I
DEPARTMENT 

- Electronics Engineering 
AUTHOR 

D.H. Nelson 
LOCATION DATE 

B25A-124' --
, 
! 

'., ... -.---~. - . 
! 

The following data sheets were sent to LBL Magnetic Measurements Engineering 

by SLAC's Magnetic Measurement Group. -- They represent measurements made on --

January 14, 1982 of a 1018 cold rolled steel sample, LBL :stock no. 9510-10198, 

vacuum annealed at 1500 OF (840°C) for one hour then cooled at 300 F6 /hour 
I 

--(166 CO/hour). 

Similar LBL data is saved in LBL engineering data book MME 644, section 

labeled "Heat Treated G1018 Carbon Steel", and a summary of both data sets is 
, 

-----provided in appendi x ,A of thi s report. --,- -- --~----------------------- ------. .. _ .. _" -- ~ --+,. -. -.~--

, 

Figure Cl ~lagnet i za t ion Data SLAC and LBL (same as Figure Al) 

Figure C2 Permeability Data SLAC and LBL (repeat of Figure A2) 
-- --- - .. - --- ._--- -. _. .. ... _' .... _- --.~. - ~ -_ ...... 

.-~- -- .. _-- --- .. 

Table CI Run #1 Data 

Table CII Run #2 Data 

Table CIII Run #3 Data 
-- - - -- - - ---- . - - -_ .. __ ..... --- --_. 

: 

Table CIV Run #4 Data 

Figure C3 Run #1 Magnetization Plot 

Figure C4 Run #lA Magnetization Plot 
..... --_ .. - --- - - .. -- . - -, - -, 

Figure C5 Run #2 Magnetization Plot 

Figure C6 Run #2A Magnetization Plot 

Firuge C7 Run #3 Magnetization Plot 
- --- - -

Figure C8 Run #4 Magnetization Plot 

Figure C9 Run #4A Magnetization Plot 
, ' -- -
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"""-*JT'~-- v - .: .. .,. - _" :~l>' _ 'e''''_'''''~''_''_ .. - -- '-', ---.............. - .. 

•••••• PERi Em ETER PROGRPl'I ••••• 
x- SEcn ONAL AREA OF SIt1P1.E IN H' 2 • J·.1198E-04 
RANGE. 12 OR 120 OERSTEDS? 120 

He OERSTEDS) a 8.1716 "'! ' " .. " ....... " 
Be TES!.A) •. -99.2241 ... I VDTe VOl. T- SECONDS) 

TITLE TOR PLOT? La. STOO< 19510-19198 1/14182 fiVf.)-#/ 
••••• DEGAUSSING ••••• 

1.50 OERSTEDS 
••••• DEGAUSSING ••••• 

.:l.09 OERSTEDS 
••••• DEGAUSSING ••••• 

'6.99 OERSTEDS . 
••••• DEGAUSSING ••••• 
. 12.90 OERSTEDS 
••••• DEGAUSSING ••••• 

24.00 OERSTEDS 
•••• * DEGAUSSING ••••• 

- 48.00 OERSTEDS 

••••• DEGAUSSING ••••• 
96.00 OERSTEDS_ 

••••• StMMAR'f VAL UE:S ••••• 

. l/2.,.CYQ.E . He OERSTED S) 

., ).5081 
-···.2 -1.5613 

AVERAGESL 1·.5350 

3 3.0174 
'4 -3.0701 .. --

AVERAGES, . 3.9437 

, 5 6.0612 
6 .. -6.0875 

AVERAGES, 6.074'3 

'7 / . 12. 1259 
8 -12·1171 

AVERAGES, 12.1215 

.. 9 24.2346 
II! -24.1294 

AVERAGES. 24.1820 

11 48.3"62 
12 -48.0079 

AVERAGES. 48.1511 

J3 82.4866 
14 -83.8637 

AVERAGES. 83.1152 

-

LABEL FOR PLOT <YES/NO) ? Y 

ANOTHER fLOT eYES/NO) ? Y.· 

Be TES!.A> 

.3258 . 
-.4232 

.3745 

.6831 
-.9391 

.8111 

.9847 
-102536 

1.119 i 

J.2012 
-1.4843 

). 3428 

1.3504 
-1.6496 

1.5eee 

1.4692 
-1.7787 

). 6240 

1.542" 
-1.7865 

10.6642 

ENTER fLOT PARIt1ETERS eYES/NO) ? Y 
PLOT SIlE (JNOfES)f X·. 12 Y"' 8 
--- --:: :~ AX=S. x • -6 'Y"'-4 

.', 

B/HeGAUSS/OER> 

2159.31B0 
. 2119.2400 

2434.1800 

2263.90e0 
·3059.02"" 

2661.4600 

1624.5700 
2059.3100 

1841.94"0 

990.6200 
1224.9500 

1107.791l0 

557.2160 
68 3. 6390. 

620.4280 

304.1440 
370.5030 

337.3240 

186.9310 
213.0240 

199.9800 

X-SCALE eOER/IN> • 2X-OFFSET COER) - ,.12 
V-SCALE nESLA/IN> -.SY-Ol'l'SET CTESLA) - -2 n IJP jtlff 
TITLE FOR PLOT? La. STOO< I9S10-1B198 1/14/82 P 
LABEL TOR PLOT <YES/NO) ? Y 

ANOTHER PLOT <YES/NO) ? N 
ENTER 1 TO RERUN. 2 TO RESTART. 3 TO DlD 7 3 

TABLE C1 Run #1 Data 

5 Of 15 
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••••• PERMEAMETE~ P~OG~ * •••• 

X-SEClIONAL AREA·OF SAMPLE IN 1'\12 -.I.1197E-011. 
RANGE'.12.0R 120 OERSTEDS? 120' 

H(OERSTEDS). 8.7716 * I<AMPERES) 
B(TESLA)· 99.2329 • IVDT(VOLT-SECCNDS) 

TI1l...E YOR'PLOT? La STOCK' 9S.te-UI98 1114/82 RUI.12 

••••• DEGAUSSING ••••• 
1.51l OERSTEDS 

.••••• DEGAUSSING ••••• 
3.1l1l OERSTEDS 

••••• DEGAUSSING ••••• 
6.1l1l OERSTEDS 

••••• DEGAUSSING ••••• 
12.0e OERSTEDS 

••••• DEGAUSSING ••••• 
211.lle OERSTEDS 

••••• DEGAUSSING ••••• 
. 48. Illl OERSTEDS 

••••• 'DEGAUSSING ..... 
"96.00 OERSTEDS 

••••• SUMMARY VALUES ••••• 

LBID-519 

1/2-CYCU: H ( OERSTEDS) B( TESUA) BIM C GAUSS/OEro 

I 10 11999 .3358 ' 2238.9SIlIl 
. 2 ·-1.41l35 -.11297 31l62.1l81l1l 

AVERAGES. 1.4517 .3628 2650.52110 

3 3.1l1!!67 .71l97 23S6.91l1l1l , 4 - 3.1l676 -.9172 2971l.571l1l 

AVERAGES. . 3.1l461 .6135 2664.73110 

'S 5.6662 1.111169 • 171 S.9 3110 
6 -5.92118 -1.2351 2118 5.9 61l1l 

AVERAGES. • 5.894S 1.1211l 19111l.941l1l 

, 7 . 11.9417 1.2216 11l23.lllle 
8 ,;, I 1095115 -1.4666' 1229.11011 

AVERAGES. ' 11.9461 1.3453 1126.1101l 

9 24.2259 1.371l0 565.4960 
H!I -24.1362 -1.6341' 676.997.0 

AVERAGES. 24.1820 1.5021 621.2470 

11 48.2667 1.4762 305.7001l 
12 -48.0167 -1.7762 369.91U 

AVERAGES. 46.1527 1.6262 337.6050 

13 84.2585 105553 t64.5681l 
14 -85.171l7 -1·6666 '22105110 

AVERAGES. 84.7146 1.72UL 203.051l0 

. LAEEL FOR PLOT (YESINO) "Iy 

ANOTHER PLOT CYESINO) ? y' 

EN TER PLOT PARAM ETERS CYESINO) "I Y 
PLOT SIlE (INOtES) I X c 12 Y .. 6 
OrUG::: :;;- :::::, :: 
X-SCALE COERIIN) • 2 .. X-OFFSET COER) .. -12 
V-SCALE CTESLA/IN) •• 5 Y-OFFSET CTESLA> .. -2 
TITLE FOR PLOT "I La STOO< 19510-10196 RUI 12A 
LABEL FOR PLOT <YESINO) 1Y 

SIN OTHER FLOT (YESIN 0) ? N 

TABLE ell Run #2 Data 

6 of, 15 
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••••• PERMEAMETE~ P~OGRAH • ••• * 

.X-SECTIONAl. A~A OF SAMPLE IN 1'1'" •. J.I197E-04 
. '}lANGE. 12 OR 120 OERSTEDS? .12 

J{(OERSTEDS) •. 8.7716 • J<Jt1PERES) 
. Be TESLA> •. 99.2329 • I VOTe VOl.. T- SECONDS) 

Tln.E FOR PLOT? La. STOCK' 95 Ie,. Hl198. RUN. 3 

••••• DEGAUSSING ••••• 
0. IS OERSTEDS 

••••• DEGAUSSING ••••• 
0.30 OERSTEDS 

••••• DEGAUSSING ••••• 
e.611l OERSTEDS 

••••• DEGAUSSING ••••• 
1.21l OERSTEDS 

••••• DEGAUSSING ••••• 
2.40 OERSTEDS 

••••• DEGAUSSING ••••• 
4.80 OERSTEDS 

••••• DEGAUSSING ••••• 
9.60 OERSTEDS 

.••••• SU1HAP.Y VALUES ••••• 

LBID-519 

I/2-CYCL~ He OERSTEDS) Be TESLA) BIM (GAUSS/OER) 

J .1./103 .010f1l 714.1320 
2 -.2193 -.0185 .. 841.6860 

AVERAGES. .1"798 .0142 777.90911l 

3 .2895 .0224 774.7680 
4 -.3684 .,.. 0~72 10 \0. e9 ee 

AVERAGES.; .3289 .0298 892.4280 
/ 

5 .5351 .0539 1007. 04f1l0 
6 -.6228 -.0747 1199.8100 

AVERAGES. .5789. ' .0643 1103.43011· 

7 1'-2456 .2410 1935. Il4f1le 
8 -1.3245 -.3084 2328.72eE 

AVERAGES. 1.28 se .2747 2131.8800 

.. 9 2.2543 .56E3 248 5.38 e0 
Ie - 2. 3332 -.7608 3260.760e 

AVERAGES. 2.2938 .6611:5 287301!7e0 

11 4.5349 .8962 1976.1200 
12 -4.5875 - 1. J 242 2450.5E00 

AVERAGES. 4.5612. 1.£1102 2213.3100 

·13 9.0822 1.1413 1256.6900 
14 -9.1085 ~1.3900 . 1526. J 100 

AVEPAGES. 9013953 1.2657·, 1391.4I1e0 

LAEEL FOR PLOT (YES/N 0) '1 Y 

AN OTHER PLOT (YES/N 0) '1 N 
ENTER J TO RERUN. 2 TO ~ESTA~T. 3 TO END ? 3 

.LIST 12.30 
J 23e GOSUB \030 
.1230 nOSUB 1010 

TABLE CII I Run #3 Data 
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••••• PEAMEAMETER PROGRAM • •••• 
X-SECTIONAL AREA Of SAMPLE IN H'2· 10I197Ed!1.I 
RANGE, 12 OR 120 OERSTEDS? 12e . 

RCOERSTEDS). 8.7716 • ICAMPEP.~~' 
BO'ESLA). 99.2329 • IVDTCVOLT-SECONDS) 

TITLE YOR PLOT? LEI.. STOCK.I95J.0-10196 1/14/82.RLN 11.1 

••••• DEGAUSSING ...... . 
1.50 OERSTEDS 

••••• DEGAUSSING $ •••• 

'3.00 OERSTEDS $.... DEGAUSSING ••• *. 
6.00 OERSTEDS 

•• , •• DEGAUSSING ••••• 
t 2. 00 OERSTEDS .. $.. DEGAUSSING ••••• 
21.1.00 OERSTEDS 

••••• DEGAUSSING' ••••• 
. 48.01! OERSTEDS 

••••• DEGAUSSING ••••• 
96.01! OERSTEDS . 

••••• StMMARY VALUES ...... 

1/2-CYCLE 

1 
2 

AVERAGES, 

AVERAGES, 

5 
6 

AVERAGES, . 

7 
8 

AVERAGES, 

.9 
'10 

AVEP.AGES, 

11 
12 

AVERAGES, 

13 
14 

AVERAGES, 

H (OERSTEDS) 

1.1.1999 
-1.5769 .. ·· 

1.5394 

3.1!174 
-3.087.6 

3.0525 

6.1!524 
-6.0963 

6.071.13 

12.1171 
-12.1171 

12.1171 

24.2259 
-24.1469 

24.1664 

48.4553 
-46-1834 

46.3194 

85.6812 
-86.3197 

86.1005 

LABEL FOR PLOT (YES/NO) 7 Y 

ANOTHER PLOT CYES/NO) 7 Y 

BC TESLA) 

.3359 
-.4388 

.3874 

.7048 
-.9210 

.8129 

1.0061 
-1.2321.1 

101193 

1 "!I 62 
·-1.4670 

1.3416 

1.3614 
-1.6367 

t. 4991 . 

1.4665 
-1.7765 

1.6215 

1.5779 
-1.8633 

1.7206 

niTER PLOT PARa1ETERS CYES/NO) .? Y 
PLOT SIeE CINDiES). X • 12 Y· 8 
-- ---- -- --~~::. ::. :. y.-~ 

X-SCALE (OERIIN) • eX-OFFSET (OER> • -12 

B/H(GAUSS/OER> 

2239.6100 
2779.0400 

2509. 331!0 

2335.921!1! 
2962.7600 

2659.3500 

1662.39 lie 
21121.54110 

161.1 1.9 6011 

'1003.7100 
1211!.65110 

1107·1800 

561.91311 
677.6200 

619.6961! 

3"2.6410 
368.6930 

. 335.6670 

183.73511 
215.8561! 

199.7950 

V-SCALE CTESLA/IN) •• 5 Y-OFFSET CTESLA) • -2 
T1 TLE FOR PLOT 7 La.. STOCK 195111-10198 1/14/62 RLN 14A 
LABEL FOR PLOT. CYE5IN 0) 7.Y 

ANOTHER PLOT (YES/NO) 7 N 
ENTER 1 TO PERUI, 2 TO RESTART, 3 TO ~D ? 3 

TABLE IV Run #4 Data 

LEID-519 8 of 16 
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